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® A tharmo-ahrinkable polyaster typa film having the follow- 
ing shrinking properties: 

8 shrinking ratio in one axis is not lass thsn 30% at 80 *C 
and not lass thsn 50 % at 100 *C, and 

8 shrinking ratio In a perpendicular axis to the former axis 
shows tha minimum value at a temperature range of 80 ± 
2SX, and tha process therefor. 

This film shows an excellent shrinking properties for 
packaging. 
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THERMO-SHRINKABLE POLYESTER TYPE FILM AND TUBE 
AND PROCESSING METHOD FOR PREPARING THE TUBE 

Field of the Invention 

The present invention relates to a 
thermo-shrinkable polyester type film (the term •'film" 
hereinafter u&ed includes sheet) which shows an especially 
preferable properties in the field of packaging material 
such as for covering or parcelling, and tubes obtained from 
the said polyester type film, and a processing method for 
preparing the tube from the said polyester type film. 

Background of the Invention 

Tubular materials formed from a thermo-shrinkable 
plastic film as a starting material have been generally used 
for covering or parcelling of, for example, vessels, bottles 
(Including plastic bottles), tubes, cylindrical material 
(pipes, rods, Ixunber, and other cylindrical material of 
various kinds) , especially for partially or integrally 
covering of the caps, shoulder, bulge etc. of the above 
material for the purpose of labelling, protecting, integrat- 
ing, improving their commercial value and so on, and they 
also have been used in the various fields, for example, for 
packaging, such as parcelling packaging of boxes, bottles, 
plates, notes etc. or skin-packaging wherein the film is 
adhered onto the unpacked material. Therefore, other usage 
utilizing their shrinking properties and shrinking stress is 
expected to be developed. 

In the above applications, a thermo-shrinkable 
film such as polyvinyl chloride, polystyrene, polyethylene, 
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rubber hydrochloride or the like is conventionally used, 
which is previously formed into a tube, then put on the said 
bottles and the like, or integrally packed, and subjected to 
thermo-shrinkage . 

Object of the Invention 

However, these conventional technique involves 
many defects as follows: 

' Firstly, the problems on the thermo-shrinkable 
film such as polyvinyl chloride used for the above purpose 
are discussed. 

(a) almost incomplete uniaxial shrinking prop- 
erties 

Desirably, such materials should shrink mainly 
along one axis without shrinking in its cross direction. 
For example,, in the process of labelling the bottle by 
shrinking the tube, the film also shrinks in lengthwise, the 
label will not be placed in the right position but placed at 
above the desired position upon shrinkage and results in 
spoiling the appearance. In order to prevent the defect, 
longitudinal shrinking ratio must be minimized. However, 
the transversely oriented film to meet this purpose is, as 
easily understandable in the field of polymer chemistry, 
easily torn off and easily fibrillated resulting in reduced 
strength. Especially, when the bottle is dropped, the 
longitudinal strength is considered to be important to 
prevent cracking of the bottle. Therefore, the simple 
* uniaxial orientation can not be a good method. Also, in 
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many other applications, the film can not be used without 

impact- resistance. 

From such viewpoint, the film which is less 
shrinkable in a certain temperature range, while it is 
sufficiently shrinkable in the cross direction, has been 
required . 

(b) insufficient heat-resistance 

All of the said conventional films can not resist 
to the boiling or retort process at a high temperature, 
therefore they are not suitable for sterilizing process. 
For example, in the retort process, the said conventional 
film must be broken, torn off, and lost all function during 
the process. Therefore, thermo-shrinkable film which can 
resist to the boiling or retort process is required to be 
provided . 

(c) bad printability 

The above conventional films suffer from their 
intrinsic defects of generating pin-holes upon half-tone 
printing, adhesion to various kinds of ink and the like* 
For example, in polyvinyl chloride film, ink-pin holes can 
be easily generated owing to gel material, and in the 
continuous tube processing, many pin holes exist in the long 
film* When such film is fed to the automatic labelling 
machine, it is processed with such holes remained thereon. 
Therefore, all products should be examined, requiring labor 
and re-processing which results in significantly lowered 
efficiency. In order to eliminate pin-holes in the step 
after completion of printing, the film should be cut and 
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then bonded with adhesive tape co be a continuous film. 
Thus, the products Inevitably have seams « which results in 
producing bad products, and the such poorly packed products 
must be removed during the process. Moreover, in very 
accurate printing, the printing pitch is reduced (with 
times) owing to shrinkage of the film after printing and 
further the pitch continuously changes at the temperature 
under usual distribution condition, therefore the mainte- 
nance of the product turns out to be quite difficult. Thus, 
the shrinkable polyvinyl chloride film and the like requires 
refrigerators or ware house at low temperature. Therefore, 
thermo-shrinkable film which can provide printing without 
pin-holes, and free from change with time after printing, is 
required. 

(d) generation of craze 

Polystyrene easily crazes and shows poor resis- 
tance to chemicals. Therefore, it is easily destroyed by 
agent and the printed surface is also stained upon usage. 
Therefore, the film with excellent resistance to chemicals 
is required. 

(e) problems on the industrial waste 
Recently, the consumption of plastic bottles are 

remarkably increasing. For the recycle of the bottles, 
especially when the polyester bottles are covered with 
different kinds of film such as polyvinyl chloride, 
polystyr.ene or the like, the bottle can not be reused. 

Also, the vinyl chloride is accompanied with the 
problem of corrosion by the chlorine gas produced therefrom, 
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0210646 

therefore thermo-shrinkable film without producing such 
pollution is required. 

(f) deviated shrinkage 

Thermo-shrinkability of the above conventional 
film has poor uniformity. Once it is heat-set, separately 
forming both well-shrunk portions and poorly-shrunk 
portions, no further re-shrinking does not occur upon 
re-heating. Therefore, the product has unhomogeneous and 
rough surface. Thermo-shrinkable film free from deviated 
shrinkage is required. 

The primary object of the present invention is to 
provide polyester type film which can overcome the drawbacks 
described in (a) - (f ) . 

When tubes are produced by using thermo-shrinkable 
film such as polyvinyl chloride and polystyrene, the film is 
usually bonded by applying solvent onto the said film, and 
sometimes ultrasonic seal technique may be employed. When 
polyethylene is used as a starting material, heat-seal or 
impulse-seal is also employed. On the other hand, as for 
polyester-type tube, only ultrasonic seal is taken up 
studying. The drawbacks about tubes produced from such 
thermo-shrinkable film are as follows: 

(b-1) insufficient heat-resistance 

Polyester type film, exemplified by polyethylene 
terephthalate film, is expected to be ideal because of 
having heat-resistance. However, the tube having excellent 
heat-resistance at its joint has not yet been developed. 



BNSDOCID: <EP. .0210646A1J_> 



0210646 

For example, polyethylene terephthalate can be 
managed to be sealed by ultrasonic seal. However, the 
ultrasonic sealed portion become brittle owing to 
heat-deterioration and crystallization after boiling or 
retort process, and when it is used for packaging of ves- 
sels, it is fractured by shock at the said sealed portion. 

(g) fracture of the label of vessels 
According to the said heat-seal and ulstrasonic 

seal, the product is fractured at the sealed portions upon, 
for example, dropping-impact of the vessels, which results 
in entire fracture of the film, and it shows poor protective 
properties . 

(h) Getting hazy 

When the oriented film is bonded at high tempera- 
ture, it may be decreased a molecular orientation and 
further gets hazy upon after-processing such as 
heat-sterilization . 

(i) Processing rate and adhesion strength at joint 
In the processing of polyester-type polymer into 

tube, ultrasonic process has been put to practical use, and 
bonding with adhesives has also been studied. 

However, with ultrasonic seal the bonding should 
be performed at quite low rate in order to obtain sufficient 
sealing strength, resulting in low productivity and high 
cost for processing tube. And the ultrasonic sealing is 
easily effected by controlling of gap between horn tips, 
resulting in embrittlement and failure of the product with 
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variable bonding strength, and deforming and damaging of the 
base material. 

Bonding with adhesive seems to be reasonable, 
however, different to the bonding by laminating or coating, 
it suffers from defect that the joint is easily peeled off 
due to repulsion arising from elastic property of the film 
which is folded and then bonded. In order to prevent above 
problem, adhesive which can rapidly provide high tackiness 
should be used, which results in low efficiency of coating 
process. Even when the film is managed to be bonded, the 
adhesive should be softened in the following 
heat-sterilization process so that the films slipped off at 
joint due to the shrinkage, providing notched seam with 
overflow of adhesive. Therefore, the joint shows appearance 
different from that of original film which spoils the 
commercial value of the product. 

The second and third objects of the present 
invention are to provide a thermo-shrinkable polyester type 
tube which can overcome above-mentioned problems (b-1) , (g) 
- (i) by using thermo-shrinkable film free from the above 
problems (a) - (f) , and to provide a process for preparing 
thereof • 

That is, the present invention provides a 
polyester type tube and a process for preparing the tube 
from thermo-shrinkable film having especially preferable 
properties in the field of packaging material for covering 
or parcelling, and the said tube have joint showing almost 
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the same thermo-shrinkable properties as those of the base 
material and free from deformation upon heating. 
Summary of the Invention 

The present invention provides a thermo-shrinkable 
polyester type film having following shrink properties: 

a shrink ratio in the first axis is not less than 
30 % at 80 ""C and not less than 50 % at 100 ""C, and 

a shrink ratio in perpendicular axis to the first 
axis shows the minimum value at a temperature range of 80 ± 
25**C. 

The present invention also provides a tube of a 
thermo-shrinkable polyester type film which has a joint 
surface thereof being jointed by at least one solvent or 
swelling agent having a solubility or swelling ability to a 
polyester and a solubility parameter of 8.0 - 13.8, and 
following shrink properties: 

a peripheral shrink ratio is not less than 30 % at 
80 »C and not less than 50 % at 100 **C, and 

a longitudinal shrink ratio shows the minimxim 
value at a temperature ratio of 80 ±25 'C. 

The present invention further provides a process 
for production of tube from polyester type film 

which comprises: 

spreading at least one joint surface of the film 
with rhe above solvent or a swelling agent, and 

jointing the surfaces to be jointed to give a 
tubular film before the solvent or swelling agent is dried, 
or 
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which comprises: 

disposing a adhesive layer on entire or part of at 
least one joint surface 

spreading at least one surface with the above 
solvent or a swelling agent, and 

jointing the surface to be jointed to give a 
tubular film before the solvent or swelling agent is dried. 

Detailed description of the Invention 
According to the present invention, thermal 
shrinkage, which is one of the basic properties of the 
present film, should be not less than 30% at 80*C in the 
first axis. When it is less than 30% at 80*C, the required 
shrinkage can not be attained during subjecting the film to 
thermo- shrinkage against a profile shape to be packed, 
therefore the film must be heated up to considerably high 
temperature. Then, the application of the film is 
restricted because of heat-resistance of the packed materi- 
al. For example, where the said packed material itself is 
made from thermoplastic material, it should be deformed, 
melted or deteriorated upon heating. Considering such 
cases, it is preferably that the film shows thecal 
shrinkage of not less than 40% at 80*C. On the other hand, 
the ratio should be not more than 90 %. 

Further, the film is required to have thermal 
shrinkage of not less than 50% at 100 ^C. When the film has 
a thermal shrinkage of less than 50%, it induces a high risk 
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of generating uneven shrinkage. However, it is not 
preferable that the ratio is over 95%. 

When the film has higher thermal shrinkage at 80«C 
than that of at 100-C, it is not preferable that, on 
increasing the temperature from 80 -C to 100 -C, the film 
once shrink at about 80«C, then become loose upon continuous 
heating, and hence, the film loses the tightness which has 
been attained by shrinking stress. 

Generally, thermal shrinkage in the cross axis to 
the said first shrinking axis should be low. Especially, it 
should be minimal at the temperature range of 80 ± 25«>C. 
under such conditions, the film shrinks mainly in the first 
axis, providing excellent appearance of covering. In the 
said temperature range, the film shrinks mainly in the first 
axis so that it adheres closely onto the material to be 
packed. And the friction arising from the adhesion will 
prevent further shrinkage and provide excellent covering 

with strong parcelling force. 

The film shrinks in the said main axis especially 
in this temperature range to be closely contacted to the 
packed material. Then, further shrinkage should hardly 
occurred at the temperature higher than 80 ± 25 -C owing to 
friction ana restraint force arising from contact to the 
packed material. Therefore, it is significant to restrain 
shrinkage in other axis in the temperature range where 
remarkably great shrinkage might be generated. 

The changes in printing pitch during processing 
after printing are minimized by using polyester type 
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copolymer having glass transition temperature not less than 
35 •C and a mixture thereof. Especially, a polyester type 
copolymer having a glass transition temperature of not lower 
than 45 and a mixture thereof are preferably used in 
summer or in hot area. 

In order to acquire the above properties, it may 
be desirable to select a copolymer or the mixture thereof 
mainly including an ester group composed of a dicarboxylic 
residue and a glycol residue and containing 30 - 90 mol% of 
one kind of a aromatic dicarboxylic residue based on the 
whole dicarboxylic residue • Examples of such polyester 
include polyester copolymers produced by using more than one 
dibasic acid selected from terephthalic acid, isophthalic 
acid, adipic acid, orthophthalic acid, sebacic acid, 
naphthalene dicarboxylic acid and the like, and more than 
one diol selected from ethylene glycol, butane diol, 
neopentyl glycol, cyclohexane dimethanol and the like. More 
specifically, polyethylene terephthalate, polybutylene 
terephthalate, polycyclohexane dimethylene terephthalate, 
polyethylene o, 0-bis (2-chloro or 
2-methoxyphenoxy ) ethane-4 , 4 ' -dicarboxylate , 
polyethylene (tere/iso) phthalate, polyethylene 
(tere/iso/ortho)phthalate or a mixture thereof, can be used 
but not limited to the above examples. 

These polyester can be admixed with 
polyester/polyether block copolymer in the amount not 
detrimental to transparency of the polyester. A base 
material for a film preferably has an intrinsic viscosity of 



BNSDOCID: <EP 0210646A1_t_> 



0210646 

0.50 - l.,3 dl/g. As far as the polymer has an intrinsic 
viscosity within the said range, the polymer having lower 
molecular weight or higher molecular weight may be also 
mixed in an amount of not less than 70 wt%. The film 
obtained by using such polymer according to an appropriate 
method, for example, extrusion, calender or the like is 
stretched 2.5-7 times, preferably 3.0 - 6.0 times in the 
one axis, and further stretched not more than 1.0 - 2.0 
times preferably 1.1 - 1.8 times in the perpendicular axis 
to the former axis. The stretching in the one axis is per- 
formed to obtain high thermal shrinkage. On the other hand, 
the stretching in the perpendicular axis above mentioned is 
quite useful to overcome defects such as bad to impact 
resistance or tear resistance. 

However, stretching of more than 2.0 times results 
in excessively high thermal shrinkage in the perpendicular 
axis to the main shrinkage axis so that a final product 
suffers from waviness of film edge. In order to prevent 
such wavy appearance, thermal shrinkage in the perpendicular 
axis to the main one is preferably not more than 15 %, 
desirably not more than 8 - 9 %, more desirably not more 
than 7 %. 

In order to stretch the film, any suitable orien- 
tation method may be employed, for example, roll stretching, 
long-gap stretching, tenter stretching and the like. The 
film to be stretched may be any shapes of a film such as 
flat or tubular film. 
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The stretching may be carried out by employing two 
or more stepwise biaxial stretching, simultaneously biaxial 
stretching, uniaxial stretching or a combination "thereof," 
The film of the present invention may be stretched by 
longitudinal uniaxial stretching, transversal uniaxial 
stretching, and longitudinal and transversal biaxial 
stretching, additional stretching after these processes. 
Especially in biaxial stretching, the stepwise stretching, 
uniaxial stretching is effective regardless of the order. 
Simultaneous biaxial stretching may be carried out by the 
process wherein, for example, the film may be stretched in 
both directions at once, or the film may be longitudinally 
or transversely pre-stretched. 

Heat-set in these stretching process may be 
carried out depending on the object. It is desirable to 
pass the film through a heat zone at 30 - 150 for about 1 
- 30 seconds to prevent the change in size at high tempera- 
ture in summer. Alternatively, the film may be tighten up 
to 70 % in one or both axes before or after such process. 
Especially, the film is preferably tightened in main (first) 
axis and released in unshrinkable axis (perpendicular to the 
main shrinkable axis), or not stretched in the latter axis. 

In order to obtain more preferable properties of 
the film of the present invention, in addition to effect 
stretching in the above draw ratio, it is also effectively 
pre-heated to the temperature not lower than average glass 
transition temperature (Tg) of the polymer composition such 
as Tg +80 • C and stretched. The above temperature of 



BNSDOCtO:<EP 0210646A1 l..> 



- 14 - 



0210646 



treatir.ent during stretching in main axis (main shrinkable 
axis) is particularly significant in order to decrease a 
thermal shrinkage of the perpendicular axis to the main one 
and set the minimal value thereof within the range of 80 t 
25 ®C. Then, after stretching, the film is cooled under 
tightening or tension with stress, or further cooled to give 
a good and stable shrinking property. Although there is no 
special limitation for the thickness of the film of the 
present invention, it is advantageously for a practical 
application in the range of 1 - 600 pm. 

However, in order to meet the current commercial 
requirement, the thickness is more preferably up to 4 - 380 
\m. In the aforementioned applications, it should be 
practically in the range from 6 - 250 urn. Thus obtained 
film preferably has a surface orientation factor of not more 
than 100 X 10 With surface orientation factor over 100 

X 10 the film may be readily fractured upon slight 
impact. 

Birefringence o^ the film is preferably 15 x 10 
- 160 X 10 If it is less than 15 x 10 longitudinal 

thermal shrinkage ratio and shrinking stress is 
insufficient, on the other hand, if it is over 160 x 10 
the resistance to scratching and impact may be reduced, 
which results in, at most, providing a film with practically 
less value. 

. The film of the present invention is hereinafter 
illustrated in connection of its applications: 
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In packaging, especially for foods, beverage, 
medicine and the like, shelf life is prolonged by boiling 
process, retort process, sterilized packaging and the like. 
However, the currently used thermo-shrinkable film can not 
be sufficiently resistant to such treatments. On the other 
hand, the film of the present invention can be sufficiently 
resistant to heat-sterilization by boiling or retort process 
and provide a good appearance of the film itself as well as 
thermo-shrunk product. Further it has higher th'ermo- 
shrinking stress and better binding properties compared with 
PVC. 

Therefore, the film of the present invention can 
be used for providing stable cover or binding packaging 
resistant to crumbling for heavy and deformable materials. 
Since the present film has minimal thermal shrinkage in the 
perpendicular axis to the main shrinking axis at the thermal 
shrinkage of 50 - 70 % which is required for packaging, the 
film is subjected to thermo-shrinking in the above 
temperature range wherein the shrinkage in the latter axis 
is minimal (80 ± 25 **C) in the process from the initial 
thermo-shrinkage to final shrinking packaging process, which 
results in minimal error in dimension of the final product. 

In the packaging utilizing thermo-shrinking 
properties, generally, the film is continuously heated after 
thejrmo-shrinkage is completed (when the film is closely 
contacted to the packed material, whereby it can not shrink 
any more even if it can afford to) . The above process will 
be important to attain even and complete shrinkage for 
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various product with different shapes. In such cases, if 
the film can not shrink any more, it may rather linearly 
expand upon heating, resulting in drawback, that is the once 
shrunk film is expanded to become loose. According to the 
present invention, it is desirable to enhance shrinking 
stress and, as described above, further elongate the film 
after stretching in order to prevent such defects. The 
orientation in the present invention is significant in this 
viewpoint* 

The properties are further illustrate as follows: 

(a) uniaxial shrinkable property: 

One object of the shrinkable film is to prevent 
breakage or crumbling of the packed material. In order to 
attain such object, the film should have high resistance to 
impact and high shrinking ratio in the main axis. The film 
of the present invention with high shrinking ratio and high 
resistance to impact has been found to provide a ^ood 
packaging and show excellent durability in connection of 
protection of the packed material. This property is demon- 
strated by the drop test. Moreover, nearly complete 
uniaxial shrinkage affords minimized error in size of the 
finished product after shrinking packaging. That is, the 
present film has low thermal shrinkage in the perpendicular 
axis to the main one, and when it is formed into, for 
example, tube, the resulting tube is excellent with little 
error in longitudinal dimension. 

(b) heat-resistance : 
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Conventionally used films can not be resistant to 
boiling or retort process at high temperature, therefore 
they are not suitable for sterilization process. For 
example, when subjected to resort process, the said conven- 
tional films are fractured, torn off and lose all functions 
during the process. Contrary to them, the film of the 
present invention can be subjected to heat-processes such as 
boiling and retort treatment, and has excellent usefulness 
as a thermo-shrinkable film. 

(c) printability: 

The conventional films suffers from inherent 
defects in connection with generating of pinholes by 
half-tone printing, adhesion to various kinds of inks and 
the like. For example, using polyvinyl chloride film, many 
ink pinholes are generated by gel material, and when the 
film is continuously processed, the existing pinholes on the 
film should be eliminated by inspection. Such quality 
inspection requires additional labor and significantly 
reduces the efficiency of the pry^ess. Further, after 
removing the portions having pinholes thereon, the film 
should be adhered with adhesive tapes, resulting in 
thickened overlapped portion. For webbing of the continuous 
lengths, such overlapped portion is deteriorate and further 
the said thickened portion may cause deformation of the 
film. 

Further, the conventional films generally suffers 
from shrinkage with time after printing upon seasonal change 
of temperature > especially during storage for a long period. 
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therefore refrigerator or warehouse at low temperature must 
be used. On the other hand, the present invention can relax 
such limitation. 

(d) craze: 

According to the present invention, craze of the 
film during or after thermo- shrinkage does not occur. 
Particularly, craze is not produced after boiling or retort 
treatment . 

(e) industrial waste: 

Recently, plastic bottles as well as glass bottles 
have been rapidly generalized. Considering recycle of such 
bottles, the films and the bottles are preferably made from 
the same kind of material. Therefore, the present film can 
be advantageously used for packaging bottles made from 
polyester type polymer. 

Moreover, the film of the present invention does 
not emit toxic gas such as chlorine gas upon 
thermo- shrinkage. Recently, various properties of 
thermo- shrink able film such as convenience packaging, 
integration property, adhesion and the like attract atten- 
tion and such film is generally used for automatic, econ- 
omxzed packaging. Emxtting no toxic gas is also an impor- 
tant matter from this point of view. 

(f) deviated shrinkage: 

The film of the present invention has high shrink- 
ing ratio and high shrinking stress. Therefore, it can 
shrink upon re-heating so long as it is carried out continu- 
ously, and does not show any deviated shrinkage. In the 
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process for preparing polyester type tube using the above 
thermo-shrinkable film, probably ultrasonic seal and bonding 
with odhesives can be employed. According to such conven- 
tional methods^ however, the product is processed at low 
speed producing widely varying products. Moreover, the seam 
causes breaking of the entire product, and the seam and the 
base material show different shrinkage upon thermo-shrinking 
process, producing mottlings or wrinkles after shrinkage. 
Thus, the above tube involves many defects for practical 
application as a thermo-shrinkable tube. Further, in such 
tube after heat-sterilization following to covering upon 
thermo- shrinkage, the joint may be often peeled off, slip 
off upon softening, spoiling the appearance of the products. 

Thus, in one embodiment of the present invention, 
the adhesive is used only for base film and, in stead of 
adhesive, solvent or swelling agent is used to assimilated 
the seam to other portion to provide an objective 
thermo-shrinkable polyester type tube. 

In the process for preparing a tube by adhering 
both edge portion of the film, a solvent or swelling agent 
having solubility index of 8.0 - 13.8, for example, aromatic 
hydrocarbon such as benzene, toluene, xylene, 
trimethylbenzene; aliphatic hydrocarbon such as methylene 
chloride, chloroform, ethylene dichloride, 
1,1, 1-tr ichloroethane , 1,1, 2-trichloroethane , 
1,1,2, 2-tetrachloroethane , trichloroethy lene ; halogenated 
aromatic hydrocarbon such as o-dichlorobenzene; phenols such 
as phenol, m-cresol; alcohols such as benzyl alcohol; 
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nitrogen compound such as nitro hydrocarbon (e.g. 
nitrobenzene), nitriles (e.g. acetonitrile) , amines (e.g. 
n-butyl amine, pyridine, morpholine) ; ketones such as 
acetone, methyl ethyl ketone, methyl isobutyl ketone, methyl 
cyclohexane; ethers such as glycol ether (e.g. dioxane) , 
furan (e.g. tetrahydrofuran) ; esters such as ethyl acetate, 
n-butyl acetate, monoethyl acetate; organic acids such as 
formic acid, acetic acid, fluoroacetic acid; inorganic 
acids, such as sulfuric acid, nitric acid; sulfur derivative 
such as sulfur dioxide; N,N-dimethyl formamide and the like 
can be used. Particularly, highly volatile solvents or 
swelling agents are preferable. 

The above examples are only illustrative and the 
present invention should not be construed to be limited to 
them. And the said solvents or swelling agents may be used 
alone or in a combination thereof. The tube formed by using 
the said solvent or swelling agent (hereinafter referred as 
solvent) has an overlap width from considerably thin to 
relatively wide, i.e. over 50 mm, depending on the size of 
the packed vessels. The standard width is 1 - 5 mm with the 
application for generally used bottles. The film may be 
bonded with one of more seams. Since such joint may hardly 
spoil the appearance of the base material of the film, the 
resulting tube retains properties of the original polyester 
polymer, such as protective properties, for example, resis- 
tance to impact or breaking bottles. Moreover, decreasing 
of orientation upon thermo-shrinkage, or whitening or 
brittleness are not observed after heat-treatment. 
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be adhered by, for exaniple, (1) simply superposing one side 
on the another one of the film; (2) applying a tape onto at 
least one surface of the film to joint the film, (3) 
butt-seam, wherein resulting sealed portion is bent and 
adhered onto either surface of the tube. 

Thermo-shrinkable polyester tube to meet the 
desired properties can be also produced according to the 
process other than above-mentioned one, which is illustrated 
below. As described above, according to the conventional 
adhering method, i.e. ultrasonic seal and bonding with 
adhesives involve defects, that is in the said method, the 
processing speed is quite low, and the resulting products 
has widely distributed quality, and further the bonded 
portion is such that it is easily peeled off, leading to 
entire destruction of the tube, or it is easily peeled off 
upon heat-sterilization after covering by thermo-shrinkage 
and slipped off to spoil the appearance of the product, m 
another embodiment of the present invention, the polyester 
film is adhered by using not only adhesive but solvent or 
swelling agent which can melt and assimilate the said 
adhesive to solve the said problems, m order to form the 
polyester film into a tube, adhesive layer is formed on one 
or both surfaces of the film, and the said adhesive layer 
can be formed from the said adhesive by any method such as 
coating or laminating (including co-extruding and laminating 
by using adhesive film) . 

The said adhesive can be mixed with hardening 
agent which can impart enhanced adhesion strength. From the 
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Therefore, the present tube meets the basic demands as 
thermo-shrinkable tube. 

That is, in the tube of the present invention, 
utilizing the above thermo-shrinkable film of the present 
invention as a base material, the base film portion shows 
sufficient property (thermo-shrinkability) as described 
above. Further, the joint shows nearly the same property as 
base film, for example, it has thermo-shrinking ratio of not 
less than 80%, preferably not less than 90% based on that of 
base film. And the present inventors examined the film by 
adhering by using thermo-set adhesive for dry laminate, 
which is generally employed to enhance heat-resistance. As 
a result, thermo-shrinking ratio of seam was reduced owing 
to the cured layer, showing thermo-shrinkable properties 
different to those of base film, therefore wrinkles upon 
thermo- shrinkage were observed. In order to prevent gen- 
eration of such wrinkles, thermo-shrinking ratio of the 
joint is desirably not less than 80% of that of base film. 
For example, when the tube with thermo-shrinking ratio of 
the bonded portion of less tham 80% is put on a products 
with neck such as a bottle, wrinkles are generated mainly at 
the neck. 

Thermo-shrinkable properties of the tube of the 
present invention are as described for those of the 
thermo-shrinkable film of the present invention. 

The tube of the present invention may be formed by 
adhering sides with the said solvent or swelling agent. 
There is no special limitation for adhesion but the film can 
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same reason, rhe said hardening agent can be formulated into 
solvent to more effectively prevent the slipping at joint 
upon heating. Conveniently, the hardening agent is mixed 
into solvent rather than into adhesive to obtain the desired 
result. There is no particular limitation for the type of 
the hardening agent to be mixed with the said adhesive. And 
the amount of the agent is determined depending on the 
timing of adhesion by solvent. Too much hardening agent 
results in insufficient dissolution and softening by solvent 
and the adhesion strength can not be sufficiently enhanced. 
On the other hand, too moderate curing type of little agent 
results in softening of the joint upon sterilization at high 
temperature which cause slipping. The tube which cab be 
produced without heating during processing and after 
packaging may do without mixing the hardening agent. 

The said solvent and swelling agent must be good 
solvent or swelling agent for the said adhesives. Further, 
the solvent which can dissolve the polyester film can give a 
better result. 

Any adhesives which provides good adhesion to 
polyester film can be used. For example, adhesives which 
can adhere to the polyester film of the present invention 
includes polyester type copolymer, acrylic type copolymer, 
polyisocyanate type (urethane type), epoxy type, synthetic 
rubber, cyanoacrylate, unsaturated polyester, polyvinyl 
alcohol, and silicone type adhesive and the like. 

As described above, the second method of the 
present invention can provide the same effect as the first 
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z>ne. According to the present Invention, high adhesion 
strength can be obtained at high speed. The process of the 
present invention, wherein the film is adhered by using 
solvent without heating, is free from whitening upon heat- 
::ng, which is often observed with polyester type polymer 
apon overheating. That is, according to the present in- 
vention, the change in properties of the base material can 
be avoided. 

Example 

Various properties of the film of the examples are 
Hereinafter illustrated, which were determined according to 
t,he following methods: 

(1) Haze 

Haze was determined according to the method of 
JIS-K 6714. 

(2) Thermal shrinkage 

Standard lines were drawn with intervals of 200 mm 
on the sample films, and the said films were cut into 15 mm 
wide and their thermal shrinkage was determined at given 
temperatures. Hot air at 80 and 100 was used to heat 
the samples for 1 minutes. 

(3) Temperature at which the thermal shrinkage of 
perpendicular axis to the main shrinking direction shows 
minimal value . 

Thermal shrinkage of the sample was determined 
with gradually increasing temperature from 50 **C to 150 ^'C. 
The resulting data were plotted to determine temperature at 
which the samples shows minimal thermal shrinkage. 
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(4) Birefringence and surface orientation factor 
Refractive index in three directions, i.e. 

lengthwise, crosswise and thickness were detenaied by using 
the Abbe refractometer. 

(5) Impact strength 

The impact strength was determined by seasoning at 
23 65% RH for 24 hours with pendulum type impact testing 
machine (manufactured by Toyo Seiki KK) . 

(6) Puncture resistance 

Bag (180 mm x 120 mm) was prepared and water (180 
ml) was filled therein and sealed* The above bag was 
dropped from various height and the disruption was observed. 
The degree of destruction was evaluated based on the follow- 
ing standards: 

Sample punctured when it was dropped from lower 
than 40 cm: Fragile 

Sample punctured when it was dropped from the 
height between 40 - 75 cm: Bad or Slightly Bad 

Sample punctured when it was dropped form the 
height between 75 - 90 cm: Good 

^Sample punctured when it was dropped form the 
height higher than 90 cm: Excellent 

Example 1 and Reference Examples 1-3 

Polyester-type polymer of 
polyethylene (tere/iso)phthalate copolymer (tere/iso « 78/22) 
was polymerized to give polymer having intrinsic viscosity 
of 0.80 dl/g, which was admixed with 0.04 (wt)% of boron 
dioxide, and melt-extruded to produce unoriented film. 
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The above film was oriented 1.2 times In 
lengthwise, then 4.2 tlxaes in crosswise. Then the film was 
cooled under about 20 % of transversal stretching to give 
thermo-shrlnkable polyester film of 40 vm thick, having 
birefringence of 98 x 10 surface orientation factor of 
31 X 10*"^, thermo- shrinking ration at 80*^C and 100"C of 52% 
and 72%, respectively, wherein transversal direction is main 
shrlnkable axis. The resulting film had minimal 
longitudinal thermal shrinkage of 4.1 % at 87 °C.' The 
properties of the above film were compared with those of the 
typical thermo-shrlnkable films which have been 
conventionally used, and the results are shown in Table 1. 
In the table, the films of Reference Examples 1, 2 and 3 
were polyvinyl chloride film, polyethylene film and 
polystyrene film, respectively. 
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The films of Reference Examples did not have ^e 
temperature at which the samples show minimal longitudinal 
thermal shrinkage/ and they showed decreasing thermal 
shrinkage with dropping temperature. On the other hand, the 
film of the present invention has a certain temperature at 
which it shows minimal lengthwise thermal shrinkage (in main 
shrinking axis and in perpendicular axis thereof) , and when 
it is used for covering, the product with good appearance 
can be obtained. And each film shown hereinabove was formed 
in tubular shape having length equal to the height of the 
plastic bottle to be packed, and the film was put on the 
bottle and shrunk at 87 '^C. As a result, the film of the 
present invention showed least change in its height euid alsd 
exhibited homogeneous appearance, while the films of 
Reference Examples showed unhomogeneous appearance. When 
the films were subjected retort process, in the films of the 
Reference Examples, puncture and local explosion, as well as 
considerable shrinkage and melting were observed. 

Example 2 and Reference Examples 4 and 5 

Polyethylene (tere/iso)phthalate copolymer con- 
taining 80 mol% of terephthalic residue (90 wt%) and 
polyethylene (tere/iso)phthalate copolymer containing 60 
mol% of terephthalic residue (10 wt%) were mixed, to which 
was added 0.05 wt% of boron dioxide based on the total 
weight of the mixture. 

Then the sample was longitudinally stretched at 78 
(the orientation conditions are shown in Table 2) , and 
after heated to 120*^C, transversely stretched. After 
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orientation was completed, the sample was cooled to 60%, 
maintaining 20 % of further stretching, and further 
subjected to 5% of relaxation process, cooled and webbed. 
The resulting film was oriented film of 30 vta thick and both 
sides of the film was subjected to corona discharge 
treatment , and formed into tubular shape by using 
polyur ethane- type adhesive admixed with hardening agent. 
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The longitudinal orientation of the films of the 
Reference Examples 4 and 5 are 2.5 and 3.5 times 
respectively. However, these films had different temperature 
range showing high longitudinal shrinking ratio and 
sufficient shrinkage in the main axis, from the temperature 
range showing minimal thermal shrinkage in the perpendicular 
axis to the main axis (transversely) , and in the latter 
case, the film showed the thermal shrinkage over 15% and the 
appearance of the finished product after the test was, as in 
Example 1, significantly bad. 
Example 3 

Polyester copolymer conqposed of acid component, 
i.e. terephthalic acid/isophthalic acid (90/10 aol%) and 
alcohol conqponent, i.e. ethylene glycol/cyclohexane 
: dinethanol (50/50%) was polymerised toSgrive th^ product 
"having intrinsic viscosity of 0.70 dl/g, which was then 
melt-extruded at 280 •€ and formed into unoriented film 
having thickness of 178 ti&* Then the resulting 'film was 
oriented 1.3 times in longitudinal axis at 85 •C, then 4.5 
tines in transverse direction at 110 •C. Further, the film 
was oriented 4.5 times at 50 •€ to form film. The resulting 
film was an oriented film having thickness of 30 ion and 
having properties shown in the following Table 3. 
Example 4 

Polyester copolymer composed of acid component 
(terephthalic acid/isophthalic acid/orthophthalic acid - 
85/10/5 (mol%)) and glycol conqponent (ethylene 
glycol/diethylene glycol » 80/20 (mol%) ) was used to form 
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unoriented filn in the same r-anner as described in Example 
1. 

Then, the resulting film was oriented 1.8 times in 
longitudinal axis at 85 -C, followed by 4.0 times in trans- 
verse axis at 150 Subsequently, the film was oriented 
in transverse direction at 65 (50 %) , while relaxed in 
longitudinal direction (30 %) , then cooled. The resulting 
film was a very preferred film having thickness of 35 
showing high thermo-shrinking ratio in transverse axis while 
showing quite low thermo-shrinking ratio in longitudinal 
axis. The properties of the above film are shown in Table 
3. , 



BNSIXX;iD: <EP ^021064eA1J_> 



- 33 - 



0210646 



H- H« l-»*0 0 
0 O Of D) 9 
O 9 to H iO 

• H- 5 ft 
ft or^Q C 
CO Oi 
C3U ft ft H« 
H-ft C » 
O H tr 
0f O (D M 



ar ft X 



Of 

\0 B PC 
0» • 

3 o n 

tn ft a 
ft 

h ca 
O 

•0 CO 

•0 ft 

5-g 

o 

ft 

tr 

» 



H*0 
H 9 01 
(0*0 0 
0) 0> 9r 
ft O 0» 
B rtiQ 
(D W* 
9 0) b 
ft fttO 

H 
01 CD 

^2 

Mft 
cn 

^> 

O Hi 
ft 
Hi id 

o h 

H 

ID 

O ft 
^ O 

H*ft 



OH 

R ft ft 

H-5 0» H H 

90) O 01 Of 

ft 9 9 

Of CO Q 

tQ H-CD < < 

(D 9 ft Q (D 

H H H 

Of Dt O O O 

Hi H- 9 O CD 

^n- " 

H 9 9*0) P 

m ft ft 

ft H- 

9* O M 00 

CD 9 O 

H O O 

??§^^ 

« 9 

9- >ria 

H H» *Q 
H-O 
9 9 

H- H* 
9 ft 
«Q d 

9 
Of 



9*C H-H-C 
CD n n 9 B 
H Hi a H-"0 
B Oi HiB CD 

0 n H Of H 

1 CD M Of 
CO 9 ft 
9*0«Q ft C 
H h CD 9* H 
H*H*9 CD CD 
9 CD O H 
X9 CD B 0 



0 ft 

trof 
►-ft 

CD 

C09 
H 

CD 0 
CO 0 

n 



& ft 



ft M ft 
M O 
» 9 Of 
9tQ 9 
CD H«m 
< ft < 
CD C CD 

Han 

n H- OB 
CD 9 CD 
* 01 H 

It ft 

Mft CO 
O O 
O M O 

• on 

o 

o 



>a s: 

9* P 
(D N 

6^ 

H- M dp 

ft w 
C CO 
.0i9' 

- 0 

pi 0 
ft 



h 
o 
•o 

CD 
H 
ft 

CD 
CD 



0 

O 



5 B -Jrr ^ 



^CD 
'*^9- 



o 
o 

0* 



Ul 



Ul \o 

Ul Ul 



K> so 

O CI 



I t 



CQ 



CD 
Ul 



Of 

cr 

H 
CD 

Ul 



o 
o 



UJ M 
Ul C\ 

o^fOfo XX 



<nuio\ iU 

Ul U) 



CO «s| o\ 
i»» 00 Kl Ul M 
• • 
M lO 



to 

CO 



I I 

Ul Ul 



M 
X 

I 

CD 



BNSDOCID:<EP 0210G46A1 1 > 



0210646 

The various properties of the tubes of the Exam- 
ples are hereinafter illustrated, which were determined as 
follows: 

(1) Thermal shrinkage 

Thermal shrinkage was determined in the same 
manner as described above. 

(2) Bottle-cracking Test 

Single service bottle (300 ml) was used to be 
enclosed in a tube with its shoulder to be covered, and the 
tube was subjected to thermo- shrinking to be tightly adhered 
the bottle. After thermo-shrinking packaging, the bottle 
was filled with water and dropped from the height of 75 cm 
and tested according to the procedure of JIS Standard. 

(3) Peripheral orientation factor and average 
surface orientation factor of the tube 

Refractive index in three directions were 
determined on JIS Abbe refractometer using the following 
equations: 

Birefringence = Ny - Nx 
(in peripheral direction 
of the tube) 

Nx + Ny 

AO (Mean Surface Orientation factor) = ^ - Nz 

2 

wherein Nx is refractive index in longitudinal direction or 
direction having little shrinkage of the tube? Ny is 
refractive index in peripheral direction or main shrinkage 
direction of the tube and Nz is refractive index in 
thickness in the cylindrical tube film. 
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Example 5 

Polyester type polymer composed of polyethylene 
, Jtere/l8o)phthalate copolymer (tere/lso « 80/20) was* 
polymerized to give the product having intrinsic viscosity 
of 0.75 dl/g, which was mixed with 0.05 (wt)% of boron 
dioxide and melt-extruded to give an \moriented film. 

The film was oriented 4.2 times mainly in trans- 
verse axis and cooled under about 12 % of stretching to 
produce thermo-shrinking polyester film having ^ ' 
birefringence of 101 x 10 and surface orientation 
coefficient of 24 x lo""^, peripheral thermal shrinkage of 50 
% at 80 thermal shrinkage of 70 t at 100 *C and 
thickness s of 40 The film was printed in the width of 

720 mm and after printing it was cut into strips of 230 mm 
width. The cut film was applied to tube-fon&ing machine and 
dichloroethylene (sp » 9.87) was applied onto the surface of 
the film and films were laminated (before the covered 
surface was dried) to give a tube. The processing rate was 
100 m/mln. The results are shown in Figure 1. 

Reference Example 6 

In comparison with the film of the present in- 
vention, the copolymer used in the present invention was 
used to be oriented (1.8, longitudinal; 4.4, transverse), 
followed by heat-treatment at 150 •€ to produce a 
thermo-shrinkable polyester film having birefringence 

of 96 x 10 ''^ and surface orientation factor of 106 x lO"^, 
peripheral thermo-shrinking ratio of 25 % at 80 and 32 % 
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/ ' at 100 and thicknees of 40 viu. The resulting film was 

used to form tube in the same manner as described above. 
Exeunple 6 

The thermo-shrinking film obtained in Example 5 
was evaluated on its utility. As a result, the useful tube 
has thermal shrinkage not less than 30 % at 80 and not 
less than 50 % at 100 •C^ with minimal longitudinal thermal 
shrinkage at 80 ± 25 ^C. The solvent used herein was a 
mixed solvent of methylene chloride and dioxane (1:1). 

Reference Example 7 

Various conditions shown in Example 6 were changed 
to produce samples which are not included in the scope of 
the present invention and the properties determined are 
shown in Table 4. 

Example 7 and Reference Example 8 

In the same manner as described in Example 5, 
except that different surface orientation factor was 
employed /'properties of tubes were evaluated. The results 
are shown in Table 5. 

Example 8 

Copolymer of poly (ethylene 
terephthalate/cyclohexanedimethyl terephthalate) (70/30) was 
used to produce a tube having peripheral thermo-shrinking 
ratio of 38 % at 80 •'C and 55 % at 100 with minimal longi- 
tudinal thermal shrinkage of - 0.2% at 88 The tube 
having birefringence of 109 x lO"'' (peripheral) and 
orientation factor of 69 x 10^^ (surface) was adhered by 
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using dioxolane (sp « 10.5) • The resulting tube shows 
excellent properties as shown in Table 6« 
Reference Example 9 

The tube was obtained by ultrasonic seal of the 
film obtained in Example 5^ which was statistically adhered 
closely. 

Reference Examples 10 and 11 

The same film as described in Example 5 was used. 
And the following solvent was used in the respective Refer- 
ence Example : 

Reference Example 10: ethylene dibromide (sp » 

7.84) 

Reference Example 11: isopropyl ether (sp » 7.3) 
The samples of Reference E^uaples 9, 10 and 11 
..._were evaluated and the results are shown in Table 6. 



BNSDOCtD: <EP 0ei0646A1J_> 



- 38 - 



0210646 



o to 0 
»1 M o 
p> o n 
O vrrf 

a 0 (D 

•a 0 
o n 

ft Oi 

H->r 

O H- 

to 

CD (D 

9 n 

cr 
o 
ft 



a > 

01 O 
O Hi 

■a" 

O 

o 

(D 
CD 
0) 



ft O 

h o 

(» 



a 

n 
ft 



h 

» ft 

ft K 

o 

M9 

in 01 
• H> 
O ft 

O 

N H 
CD 
CJft 
OO 



^ to CO O '0 
Ui O C Hk(D 
• 9 « H 

o oiHi ►a H- 

<D or C*0 
PiO 0'9' 
O CD ID 

"So s 



01 > n > tt H 

h ft»0 H Fo B 
H-ID 0 H-CD K*0 



01 ft ft) 01 9 
iQ 9*910 «0 
(D (D O O _ _ 
HO 01 H>H 




f9'n3 9"*o 9- a 

O (D O ft ID CD 9* 

2 s ^ a ® 

ft h'9'H9-H»0 
g O (D 9 
OUn H ft H 09 
H-9*0i 9*» 9* W 
g »1 HH HH ft j 
Of H- N 

H9 9 9 CD 
^ X-Ot X0» X9 
Of » ft 0» ft 0* iQ 
ftifi ao tQ ft , 
ID MCD 09ID 9*1 
' OD O O 

o O o o O 
Hi Hi o Hi 
o o O 
Ort Orf^ft 

^&-& & 

CD ft CD 



•0 

h 
o 

•g 

M 
ft 
H- 
CD 
09 



O 
& 



O o> 
ft ro 
9* 

CD O 
H & 



ft 
9* 
01 
9 



n 
3 



tro o 

O 9 
C(Q C 
ft H-9 
ft ID 

Md < 

• 0« CD 
M H* 9 

g 01 n 

0^9* 
H H 
» H-H» 
9'9«0 

H pfa* 

H- H* ft 

I* — 

tQ a Hi 

O O M> 

ft ft 
ft ft 

MID 
CD Oi 

s 

tt 

o 
tr 
o 

CD 
H 
< 
ft 

a 
c 
o 

9 



ID ^3 
0*9* 
H 
»0 ft 
O (D 
H 

ft CO 
O 9 

9 a 

CO I 



^ 0> ft M CQ G 
U)^h*-C O 9*9 
»• H &9 H ft 

M ft H-tQ C < 
Q ^ O 9 H»9 ft 

S 9 ft o» I prv 





as 




O CO 




ft iU 




ox 




9* 




0» M 




9 O 




tQ 1 




CD U» 










o 






z 


n 


o ^ 


H 


rt o 


Of 




o 




?«• 


9* 


H- 




9 




iQ 


tQ 1 




ft tJ 


O 


Cu 


Hi 




Hi 


Z 




O M 




ft M 




O X 


< 


tr 


01 


Of M 


o 


9 O 




tQ 1 


O 


ft u> 


cr 


a 


09 




ft 




H 


z 


< 


O CJ 


ft 


rt o 


a 














ID M 




9 O 




tQ t 




ft Ul 




a 



Ma CO c 

O 01 ft CO 9 

Mft a 9'H. 

^ CD ft H Hi 
X H CO 
H-ft 9 a 
M ft CO ^- S 
O H» 

I cr »< 

ft 



gco c 
P CO 9 
B CI 



OI ft _ 
CD ft 



CO 
ft 
H 
O 
9 
«Q 



CO 
ft 
H 
O 
9 
tQ 



CO 
ft 
H 
O 
9 
iQ 



CO 
ft 
N 
O 
9 
«Q 



9 



9 



« •d M 
9* ft o 

H- H Ui 
ft ft 
CD MX 

C5 M 
P* O 

I 

u 



U1 
e 

n 



to 
o 

o 



o 
o 
o 



_ H Hi 

M o « xa 

OH 

I tp *< 

Ca> ft 
01 
ft 



MB CJ C 
O ft ft CO 9 
CJft a 9- H- 

H-ft 9 H 

Mft CO >r a 

OM H 

I cr »< 
tJ ft 

ft 

ft 

a CO c 

to ft ft cn 9 
^ 2 <» tJ 5*» O CD 

X H CO 9 K> 

H»ft 9 H 

Mft ft 9C*a 
O h- M 

I tr *< 

U» ft 

ft 
ft 

3 »tf •o s: CO 
^ < ft a ft ft H 

^*l-^HftHft|* M 

^ ft ft ft ft x%a M 

X O M ft H. ST O 

9*K C^K ft 0 

Mft 2- MO 

O Cb ft l< 

} o* 

tJ 



U1 



t 

CO 



CO 

ft 

H 

^ Ul O 
O 09 



CO 

ft 

H 

III LJ O 
O O 9 
«PtQ 



CO 
ft 
H 
OI O 
Ul *o 9 
#^ «»tQ 



CO 
ft 

_ H 
Oi ife o 
O O 9 



CO 

ft 

H 

<^ lO O 
O Ul 9 
^ «P|Q 



M 
X 
ft 



Ul 



t4 
Zft 



M ft 



Z ft 
Ul ft 



t4 50 
X CD 

a ft 

*0 H 
ft 
ft 9 
Q 
^ ft 



ft 

cr 



- 39 - 



0210646 



ft w w 

irn o 

(0 O ft 

X ft 

ir » M 

o 9 <D 

ft 

ft»d to 

M o n 

(D ^1 (D 

^ ft PI 

O O H- 

(D 9 3 

O € 

0> O O 

Q :3 CO 

rt 

(D 



MH tfl tr W 

to (D O O O 
m ft 3 H-D 

o o a H Oi 
ft Pi :3 a 

Ml tQ 

O ft»0 u 
M H O 111 O 
O h ft H 
W P ft ft 
O ft H* ^ H* 

^ a o wo 
:) ft p) » 

• Ml M» 
0> ft It 

ft a o 



CD 

» e 
o n 

ft Ml 

O to 
h O 
CD 

O 
H 

»• 
ft 

ft 



o tons CO H > 
Mio o ^'tr Oi 
^ H H H » »• 

»9 H-rt H*M 

crsr o pro I- 

(D O 9 pi 10 
H iQ CO 9 

H* n to 

» H-ft 
O ft 9 t| 
I- X* (D 
H tfpi 9 
0 O «Q tf) 
Ml 9 CD ft 

n a 9* 

H» CD 
9 Oi P» 
to Ml 

S !? 
8 ^ 



I 

a 

o 

9 
CO 

ft 

H 
CD 
9 
(Q 
ft 

ar 



8 

n 
n 
ft 

H- 
CD 
CD 



O 

B 



O 
ft 

tr lo 

(D CJ 

o 

p» 

9 

tr 
o 

9 
CL 
CD 

0* K3 

o o 
o 

9 

n 



n 
3 





2 




0 


0 




rt 


ft 








00 


O 


o 




tr 


9* 


X 


P) 


P) 




9 


9 


M 






O 


CD 


CD 


1 


O* 




u> 








o 


0 




ft 


ft 


■to. 



CO 

ft 

H 
O 
9 



B CO 

«D a 

ft g 

^ CD CD 

h 

X H-P> 
P> ID 

o cr 
I P» 

CD 



8 CO CO 



CO 

o 

9 



o 



o 

9* 
9 

to 

(D 



f5 
9- 
Pf 
9 
«Q 
CD 

a 



o 

I 



P> p; 
u>ft s 

^CD CD 
M 

X H-Pl 
Pi 0) 

o ir 
I PI 

U) CO 
CD 



s 

9 



xn 
rt 
H 
O 
9 



Oi 
• i 
lo 



X 



as 


as 




0 


o 




ft 


rt 




n 


O 


X 


9* 


9* 




P> 




M 


9 


9 


O 


u:) 


iQ 


1 


CD 


CD 


u 


Oi 


P* 




as 


as 




o 


0 




ft 


rt 


CO 



CO 

ft 

8 

9 



CO 
rt 
H 
O 
9 



O 
9* 
P» 
9 
tQ 
D 



O 
9- 
P» 
9 

(D 



X 
o 

I 



MS CO 
OPI 
•^ft 
CD 

H-ID 
Mf» » 
OM 

I cr 

(«> pl 



MS CO CO CO CO CO 

M » g ft C rt c 

Oft g h( MiM Hi 

_ O O O MiO Hi 

X H 9 H-9 H- 

H- PI ^ O Q 

M PI to I- p. 

OH CD CD 

I cr 9 9 
tj pf rt ft 

CD K »< 



&e CD 

"1 



Oi 



I I 



£ CO CO 

•si CD M rt ' W » 

so p, H- H X CD 

I ^ftfJ O £5 Ml 

X 9" 9 a CD 

ft iQ •OH 

M M • M CD 

O K > CD 9 

I i O 

UJ . 00 CD 



P) 
CD 



0210646 



txs m 
h o 

O ft 
X' rt 



o 
h 



cr 



ft 

O ts 



10 ^ 

h 3 

C H- 

o no 
9 a 



h 
o 
o 

C» (D 



Mh CO 

•o m o 

u» rt » 

oo a 
rt a 
O rt*0 

h h o 
tJ P) rt 

5 (D :3 

D rt 0» 
Hi 

0 rt 
ft (D 



cr tD*o CO 
o o o ar 

M G* rt H- 

2 a o ?r 

■C iQ 

0) o 

rt 
so H- 

ft 

tt 



& > > 

Ht Qi 0« 

rt tr tr 

(P (D (D 
tl (0 cn 



ft 

cr 
o 

a 

(D 

a 



rt o 
:r 3 

(D 

H CO 

3 rt 

0 h 

1 (C 

W 3 _ 

H rt rt 
H.3-sr 

3 



O 
3 

CO 

rt 
H 
to 

3 



o 
•o 
o 
n 

rt 
H- 
(D 
n 



cr o 

2 ^ 

3 3- 
Oi fl) CO 
(0 H \D 
Pi 

rt n 
*0 3-3 
C 0» 

3 

ft 
H- 
O 
3 



ft 



O 
CO 



o 
ft 

o 

3- 
0) 
3 
vQ 
(D 



3 r 

Pi H- 

r^ rr 

Di 0) 
H- CD 



CO CO 

ft rt 
o o 

3 3 
iQ iQ 



►a 

(D 
GO 



tr 

M 

! ^ 



o o cn 

3 H 0P 
Ot ft vo 

fl) H* C 00 

D. O K, 

3 O 

n3 0-3 

O 4! h 

H P> O 
^ CD 

fl) 



-I CO 
01 

3 

CD 

Of 

to 

w 

X 
01 
ts 

•5 

(D 



0 »*1 

01 M 

2 < 
a 0) 

CD 



2 CD a 

O 3*3 

ft M 
c < 

O 3 (D 

3* >r 3 

0) M 

2 *< 

iQ 

a 



tl) CO CO 
H ft ft 
01 H N 
iQ O O 
H-3 3 
H*iO iQ 
0) 

tr 
c 
ft 



n to 

X (D 
0) Hi 

3 fl) 
^ H 
fl) 

fl) 3 
O 
VO fl) 



I 



0) O 
CO 3 

a 

& (D 
ft 

o» •o 
o o 

fl) rt 
D. H- 
O 
3 



cr 
o 

3 

00 Oi 

00 fl) 
n Pi 

o 

H 

ft 
o 

3 



M CO 
01 

< 3 
H- rp 
rt 

cr ot 

CD 

cr 

o> » 

CiX 



M 

fl) 



0» O 
CO 3 

Ci 0) 

fl) pi 

rt 

0) »CJ 

0 o 

3- H 
CD ft 

01 p. 

c 

3 



O rt rt > as 

O (D Oi pj fl) 
O 3 O 3* 0' 

Pi 05 3* o ?«r 

H-0> H M 

£ Mcrfli^: 

TJ (D 0) 

fl) CD tr Di 

OJ rt c 3 sr 
H Hn3 rt fl) 
0) fl) O tl 
3 3 3 afl) 
O (Q fl) pj 
(D ft I 
ST 



W 53 
X fl) 

3 (D 
•D H 
I- (D 
CD 3 
O 
fl) 



I t 



O 
ft 

01 

Pi 

3* 

fl) 

H 
fl) 

Pi 



X fl) 

3 fl) 

M fl) 
CD 3 
O 
M fl> 



^Thus from the fiUa having birefringence less tha^n^ 
100 X 10-3, ^^^^ ^^^^ remarkably excellent joint was 
obtained. And it also be found that the film can not be 
bonded with coefficient over the above value. And thus 
bonded portion is resistant to boiling and retort treatment. 
And since the film is bonded without adhesive, the possible 
thickening of the joint can be prevented. Therefore, the 
resulting tube can be well wound up without deviated winding 
and deforming the flatness of the foldable tube when the 
tube is continuously wound up to paper tube, reel or the 
like. 

Example 9 

Polyester type polymer of polyethylene (tere/iso) 
phthalate copolymer (tere/iso - 80/20) was polymerized to 
intrinsic viscosity of 0.75 dl/g, mixed with 0.05 wt% of 
boron dioxide, melt-extruded to produce an unoriented film. 

The said film was oriented mainly in transverse 
axis to give a thermo-shrinkable polyester film with 
birefringence of 104 x 10 '\ thickness of 40 m. The said 
film was used to be printed with the width of 720 mm and 
after printing it was cut into strips of 230 mm wide. The 
said film strips were applied to a device for tube forming 
machine, methylene chloride was spread over the film and the 
said films were immediately (before dried) laminated and 
processed into tube. The resulting tube had peripheral 
thermal shrinkage of .55% at 80»C, and 73% at 100»C; 
peripheral birefringence of 104 x lo'^. g^^face orientation 
factor of 25 x lO'^. 
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The longitudinal thermal shrinkage was minimal 
value of 4% at 85 *C. The single service bottle covered with 
the tube, and the said tube was thermo-shrunk at 100 ®C for 5 
seconds, and subjected to sterilization at 110 **C for 30 
minutes • 

Adhesive test of the tube was carried out by 
applying generally used adhesive for dry laminate (ma- 
nufactured by Toyo Morton Co. Inc.) to the film of the 
present invention (Reference Example 12). Further, in the 
same manner, tests were performed using vinyl chloride 
(Reference Example 13) and polystyrene (Reference Example 
14). 
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As is obvious from Table 7, in the tube obtained 
according to the process of the present invention, no 
changes were observed in appearance under ambient conditions 
and strength, and they retained the same properties as those 
of the base material portion and integrally bonded without 
change upon heat history. 

Example 10 

Polyester-type polymer which comprises acid 
component consisting of terephthalic acid, isophthalic acid 
and orthophthalic acid (80:15:5) and alcohol component 
consisting of ethylene glycol and diethylene glycol (70:30) 
was oriented in the same manner as described in Example 9 to 
give birefringence of 98 x lO"^. The resulting film with 
the thickness of 30 um was cut into strips with 720 mm wide 
and printed. 

After printing, the strips were further cut into 
230 mm width and the blank portion was coated with thin 
ethane dichloride at the rate of 60 m/min. , immediately 
followed by bonding (before the film was dried) . The film 
was wound onto wind-up roll immediately after bonding, 
without detachment at bonded portion. The resulting tube 
had peripheral thermal shrinkage of 48 % at 80**C and 65% at 
100 **C; peripheral birefringence of 98 x lO"^; and the 
longitudinal thermal shrinkage of the said tube was minimal, 
5.3 % at 87**C. In comparison, the ultrasonic sealed tube 
(Reference Example 15) was processed at low speed of 10 
m/min. The resulting tube had properties as shown in the 
following Table 8. 
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Table 8 



Properties j Example 10 


Example 15 


Adhesion strength 
Appearance at bonded 
portion 

Adhesion stv"Ana4*Vi m ^tov 
thermo-shrinkage 
Impact resistance at 
bonded portion after 
! thermo-'Shrinkage 
Thermo* shrinkage at 
bonded portion 

Drop test (scattered 
distance) 


Strong 

Straight and 

neat 

Strong 

Same as film 

Same as base 
material 

22 cm 


Strong 

Straight and 

neat 

Strong 

Fragile 

Deviatedly | 
shrunk with 
partly detached 
portions 
68 cm 



Reference Experiment 



The product was examined on the stability of 
printed pitch and the following results were obtained. The 
pitch of the printed product was determined with printing 
matrix of 115 mm long. In Reference Example 16^ 
cross- linked polyethylene was used. 
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As is Shown in Table 9, the product of the present 
invention retains almost the same size as that of printing 
matrix for a long time. 

That is a quite important property to fit the 
printing pattern to the material to be packed, whereby the 
printing pattern can be placed in the right position. 

Example 11 

Polyester-type polymer of 
polyethylene (tere/iso)phthalate copolymer (tere/iso ■ 80/20) 
was polymerized to give intrinsic viscosity of 0.75 dl/.g, 
mixed with 0.05 wt% of boron dioxide an^ melt-extruded to 
give an unoriented film. 

The film was oriented mainly in transverse axis to 
produce thermo-shrinkabie polyester film having 
binefringence of 104 x 10**^ and thickness of 40 na. The 
resulting film was printed In -tte width of 720 mm with blank 
portions with 7 mm wide with transverse pitch of 230 mm 
arranged along the longitudinal aids • 

In another run, linear copolymerized polyester 
resin obtained by polycondensation of acid coiqponent 
(terephthalic acid : isophthalic acid t adipic acid » 40 : 
20 : 40 (mol%)) and glycol component (ethylene glycol ; 
neopentylglycol - 60 : 40 (mol %)), which is -hereinafter 
referred as polyester adhesive A, was dissolved in a mixed 
solvent of methyl ethyl ketone (1:4 by weight). Into the 
said solution was mixed the reaction product of trimethylol 
propane : trylene diisocyanate (1:3^ by mole) (3 parts) and 
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the mixture was coated onto one side of the blank film with 
4.5 g/cm' (solid), dried and slitted with 230 mm wide. 

Separately, reaction product of trimethylol 
propane (1 mole) and trylene diisocyanate (3 mole) ( 5 
parts) was mixed with methyl ethyl ketone to produce solvent 
which was coated onto the surface of the said slitted 
polyester film on which had been applied adhesive, and the 
film was folded in 230 mm width and bonded. The bonded film 
was immediately adhered and could be wound up without 
detachment, providing continuously tube with good appear- 
ance. The resulting tube had peripheral thermal shrinkage 
of 54% at 80 "C and 68 % at lOO'C; birefringence of 104 x 
10" , surface orientation coefficient of 24 x lO"^. 
Longitudinal thermal shrinkage of the tube was minimal, 6.2% 
at 83 ^C. The tube was subjected to aging-treatment at 40**C 
for 24 hours, then covered onto single service bottle, 
subjected to thermo-shrinkage at 100 for 5 seconds and to 
heat sterilization treatment at llO^C for 30 minutes. 

Adhesive test was performed applying generally 
used adhesive for dry-laminate (manufactured by Toyo Morton 
Co., Ltd) to the film of the present invention (Reference 
Example 16) . Also, in the same manner, vinyl chloride 
(Reference Example 17) and polystyrene (Reference Example 
18) were examined. 
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As is obvious from Table 10, the tube of the 
present invention had the same properties as the base 
material and integrally bonded without any change in* appear- 
ance and strength under ambient condition and further no 
change upon heat history. 

Example 12 

Polyester-type polymer consisting of acid compo- 
nent (terephthalic acid : isophthalic acid : orthophthalic 
acid « 80 : 15 : 5) and alcohol component (ethylene glycol : 
diethylene glycol - 70 : 30) was oriented in the same manner 
as Example 11 to give the birefringence of 98 x 10 "3. The 
resulting film with the width of 30 urn was printed after cut 
into strips with width of 720 mm. The strips were printed 
with transverse pitch of 230 mm and providing continuous 
blank portion with 7 mm wide arranged in longitudinal 
direction. Separately, urethane denatured polyester 
adhesive (30 wt%) and ethyl acetate (70 wt%) were mixed to 
give a mixture to which was further added adduct of trylene 
diisocyanate and trimethylol propane (2.5 wt%) , and the 
resulting mixed solution was coated onto the said blank 
portion and dried. The coated amount after drying was 5 
g/m». Subsequently, ethyl acetate was immediately applied 
onto the film and the said surface was bonded to the said 
adhesive-applied surface, resulting immediately adhesion to 
form tube. Then the tube was subjected to aging-treatment 
at 40 for 24 hours. The resulting tube had peripheral 
thermal shrinkage of 49 % at 80»C and 64 % at 100 



- 51 - 

I- • " ■ 

0210646 

birefringence of 98 x 10 The resulting tube had minimal 

longitudinal thermal shrinkage of 6.7 % at 91 *C. 



Table 11 



Properties 


Example 12 


Reference 
Example 19 


Adhesion strength 
portion 

Adhesion strength a£ter 
thermo-shrinkage 
Impact resistance at 
bonded portion after 
thermo-shrinkage 
Thermo^shrinkage at 
bonded portion 

Drop test (scattered 
distance) 


Strong 

Sir^iraiciht and 

0W^OA^*aw Maa%* 

neat 
Strong 

Same as film 

Same as base 
material 

25 cm 


Strong 
Straioht and 
neat 
Strong 

Fragile 

Fluctuate ly 
shrunk with 
partly detached 
portions 
68 cm 
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Advantage of the Invention 

The film of the present invention had stable 
thermo-shrinkable properties in a certain direction and can 
provide neat and strong packaging for covering and binding 
package. And the present film shows excellent properties 
for application in various fields, showing various advan- 
tages such as stability of printing pitch, improved 
heat-resistance, improved impact resistance and the like. 

The tube of the present invention also had the 
same advantages as the film of the present invention as 
described above, and the process for preparing the tube 
provides high adhesion strength at joint, good processing 
speed, good productivity and tubular product having 
excellent shape-stability. 

Further, another process for preparing tube of the 
present invention, wherein films are bonded by applying a 
solvent or swelling agent which can dissolve, softened or 
swell the adhesive layer onto one side of the film, the 
solvent and the like dissolve and soften only out side 
surface of the adhesive layer, therefore the initial 
tackiness and adhesive strength are rapidly enhanced after 
bonding to provide a rapid adhesion. That is, ultrasonic 
seal and conventional adhesion process -can provide the 
bonding process speed of 5 - 15 m/min. and 0.1 - 1 m/min., 
respectively, while the above process of the present in- 
vention provide process at 60 m/min, as shown in above 
Examples, and moreover process several hundreds m/min. can 
be attained. 
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What is claiaed isf 



1. A thenno-shrinkable polyester type film having 
the following shrinking properties: 

a shrinking ratio in the one axis is not less than 
30 % at 80 •€ and not less than 50 % at 100 and 

a shrinking ratio in perpendicular axis to the 
former axis shows the minimum value at a temperature range 
of 80 ± 25*C. 

2. A thermo-shrinkable polyester type film 
according to claim 1, which is obtained from a material 
selected from the group consisting of a polyester and a 
polyester copolymer having a glass transition temperature of 
not less than 35 ^C, and the mixture of them with at least 
one other polymer. 

' 3. A thermo-shrinkable polyester type film 
according to claim 1, which has an orientation factor of not 
more than 100 x lO**^, 

4. A thermo-shrinkable polyester type film 
according to claim 1, which is made of a polyester copolymer 
or the mixture thereof mainly containing a ester group of a 
dicarboxylic residue and a glycol residue, and containing 
one kind of an aromatic dicarboxylic residue in an amount of 
30 - 90 mole % based on the total dicarboxylic residue, and 

has a shrinking ratio in one axis of not less than 
30%, a shrinking ratio in a perpendiciilar axis to the former 
axis of not more than 15 %, and an orientation factor of 
not more than 100 x 10 
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5. A thermo-shrinkable polyester type film 
according to claim 1, which has the maximum thermo-shrink 
stress at 80 of 0.95 5 kg/mm*, and the maximum 
thermo-shrink stress at 100 of 1.0 - 5 kg/mm». 

6. A tube of a thermo-shrinkable polyester type 
film which has a jointed surface being jointed by at least 
one solvent or swelling agent having a solubility or 
swelling ability to a polyester and a solubility index of 
8.0 - 13.8, and the following shrinking properties: 

a peripheral shrinking ratio is not less than 30 % 
at 60 and not less than 50 % at 100 ^C, and 

a longitudinal shrinking ratio shows the minimum 
value at a temperature ratio of 80 ± 25 ^C. 

7. A tube of a thermo-shrinkable polyester t^e 
film according to claim 6, which is obtained from a material 
selected from the group consisting of a polyester and a 
polyester copolymer having a glass transition temperature of 
not less than 35 •^C, and the mixture of them with at least 
one other polymer, and has an orientation factor of not more 
than 100 x 10 

8. A tube of thermo-shrinkable polyester type 
film according to claim 6, which is made of a polyester 
copolymer or the mixture thereof mainly containing a ester 
group composed of a dicarbox^'lic residue and a glycol 
residue, and containing one kind of an aromatic dicarboxylic 
residue in an amount of 30 - 90 mole % based on the total 
dicarboxylic residue, and 
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has a peripheral shrinking ratio of not less than 
30%, a longitudinal shrink ratio to the one axis of not more 
than 15 %, and an orientation factor of not more than 100 x 

10-3. 

9. A tube of themo-shrinkable polyester type 
film according to claim. 6, wherein the jointed surface is 
jointed by means of simply superposing one side of the film 
onto the another surface, applying a tape onto at least one 
surface of the film to joint the film, or butt-seam wherein 
resulting sealed portion is bent and adhered onto either 
surface of the tube. 

10. A tube of thermo-shrinkable polyester type 
film according to claim 6, wherein the tube is jointed by at 
least one solvent or swelling agent having solubility 
parameter of 8.0 - 13.8 selected from the group consisting 
of aromatic hydrocarbon, halogenated hydrocarbon, 
halogenated aromatic hydrocarbon, phenols, alcohols, 
nitrogen compound, ketones, ethers, esters, organic acids, 
inorganic acids, sulfur derivative and N' ,N' -dimethyl 

f ormamide . 

11. A process for production of a tube from 
polyester type film which comprises: 

disposing a polyester type film having shrinking 
properties wherein a shrinking ratio in one axis is not less 
than 30 % at 80 and not less than 50 % at 100 ^C, and a 
shrinking ratio in a perpendicular axis to the former axis 
shows the minimum value at a temperature range of 80 1 25 ^C, 
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spreading at least one jointed surface of the film 
with a solvent or a swelling agent having a solubility or 
swelling ability to a polyester and a solubility parameter 
of 8.0 - 13.8, and 

jointing the surfaces to be jointed to give a 
tubular film before the solvent or swelling agent is dried, 

12. A process according to claim 11, wherein the 
polyester type film is obtained from a material selected 
from the group consisting of a polyester and a polyester 
copolymer having a glass transition temperature of not less 
than 35 **C, and the mixture of them with at least one other 
polymer, and has an orientation factor of not more than 100 
X 10 

13. A process according to claim 11, wherein the 
film is jointed by using a solvent or a swelling agent 
selected from the group consisting of halogenated 
hydrocarbon and ethers. 

14. A process according to claim 11, wherein the 
film is jointed at a temperature of not higher than 70 ®C. 

15. A process for production of a tube from 
polyester type film which comprises: 

disposing a polyester type film having shrinking 
properties wherein a shrinking ratio in one axis is not less 
than 30 % at 80 **C and not less than 50 % at 100 **C, and a 
shrinking ratio in a perpendicular axis to the former axis 
shows the minimum value at a temperature range of 80 ± 25**C, 

disposing a adhesive layer on entire or part of et 
least one surface to be jointed. 



spreading at least one surface with a solvcnt^tS^j^ 
swelling agent having a solubility or swelling ability to a 
polyester and a solubility parameter of 8.0 - 13.8, and 

jointing the surface to be jointed to give a 
tubular film before the solvent or swelling agent is dried. 

16. A process according to claim 15, wherein the 
polyester type film is obtained from a material selected 
from the group consisting of a polyester and a polyester 
copolymer having a glass transition temperature of not less 
than 35 'C, and the mixture of them with at least one other 
polymer, and has an orientation factor coefficient of 
surface orientation of not more than 100 x 10 
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